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Electronic structure of Co-Pt alloys: X-ray spectroscopy and density-functional calculations
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TheK andL, ; absorption edges and core-level binding-energy shifts for pure Co and Pt, and Co-Pt alloys
are measured to investigate the changes in electronic structures of Co-Pt alloys. The results agree well with
those of the first-principles calculations of the electronic structures by using a full-potential linearized-
augmented-plane-wave method. It is found that there is an enhancement of the hybridization between the Co
3d and Pt &l orbitals upon alloying. Consequently, as the Pt concentration increases, both Pt and Gb gains
electrons, and there is a concomitant decreasaimdp electrons at both sites. This enhanced hybridization in
the alloy leads to a net charge transfer from the Co to Pt site in accordance with the predictions based on the
electronegativity. For the core-level shifts in Co-Pt alloys the initial-state effects are more important to the Pt
4f level, while the relaxation effects play a more important role for the @deXel.
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[. INTRODUCTION However, the experimental study of the electronic struc-
tures of Co-Pt alloys has been performed to a less extent.

Co-Pt alloys, which are composed of a ferromagnetic 3 From the results of the spin-polarized band-structure calcu-
transition metal and paramagnetid Blement, have attracted lations, it is generally accepted that there is a small charge
much interest because of their high chemical stability andransfer from Co to Pt in the alloys2 On the other hand, in
large magnetic anisotropy. When Co and Pt form binary al-order to understand various effects of the electronic charge
loys, ordered crystalline phases are possible at three stoichidistribution of the CoPt; _, alloys with differentx’s in de-
metric compositions, i.e., GBt,_, with x=0.25, 0.5, and tail, it is desirable to investigate the electronic structures ex-
0.75; cubicL1, type for x=0.25 and 0.75, and tetragonal perimentally as well as theoretically.
L1, type for x=0.5. The chemical ordering and magnetic  To study the electronic structure changes and, as a result,
properties of the Co-Pt alloy systems have been extensiveljre charge redistribution between Co and Pt in the Co-Pt
studied Recently, it was found that ion-beam mixing of alloy systems, we employed x-ray-absorption spectroscopy
Co/Pt multilayered film under an external magnetic field led(xAS) and x-ray photoelectron spectroscop¥PS) tech-
to the formation of a metastable phase with a measured magjiques which provide a better understanding of the electronic
netic moment per Co atom of 2,63, which is one of the  stryctures and the charge distribution of the specimen. The
highest values ever observed in the ferromagnetic bulkyterpretation of the experimental results was further sup-
phase’ Since the magnetic properties are closely related tgorted by the theoretical electronic structure calculations by
the electronic structures, there are several first-principtes ysing a  full-potential linearized-augmented-plane-wave
initio calculations of the electronic structures of these alloy(FpLAPW) method. As a preliminary result of this work,
systems™® Kootte et al® calculated the spin-polarized band changes in the Ptds,, and Co 4 states of Co-Pt alloys have
structures of CePt;_ alloys withx=0, 0.25, 0.5, 0.75, and  peen briefly published elsewhef®This paper is organized
1, and the results were used to deduce various ground-stajg follows; the experimental procedures and theoretical de-
properties such as the total and spin- and angulargils are presented in Secs. Il and lI, respectively, the results

momentum-decomposed density of staBOS), magnetic  and discussion are given in Sec. IV, and the paper is con-
moments, charge transfers, and so on. The calculated magh,ded in Sec. V.

netic moments are in good agreement with experiments, and
the moments of the Co atoms and the induced moments of
the Pt atoms do not vary significantly with It was also
shown that there were strong indirect exchange interactions
between Co magnetic moments via one intermediate Pt atom,
as well as direct Co-Co interactions between the nearest and Bulk CoPt;_, alloy samples withk=0.25, 0.5, and 0.75
next-nearest neighbors. were prepared by comelting. X-ray diffractigXRD) was

Il. SAMPLE PREPARATION AND EXPERIMENTAL
PROCEDURES
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TABLE |. Parameters used in the FPLAPW calculations. The last colwi (V.ey) is the fraction of
volume occupied by the MT spheres. “N/A” stands for “not applicable.”

Space a c vol./atom RO Ri Vut/Veer

group (a.u) (a.u) (a.u.f (a.u) (a.u) (%)
a-Co P63/mmc 4.7377 7.6885 74.73 2.354 N/A 73.6
Co;Pt Pm3m 6.9232 N/A 82.96 2.415 2.481 72.6
CoPt P4/mmm 5.0817 6.9939 90.30 2.473 2.541 73.1
CoPt Pm3m 7.2830 N/A 96.57 2.506 2.575 73.9
Pt Fm3m 7.4136 N/A 101.87 N/A 2.621 74.1

carried out for the structural analysis. The crystal structure$CLS) we employed a single-cell model by introducing a
of samples were confirmed to be ordered phases; Atype  fractional number of core hofé. This approximation is
(L1, phase for x=0.25, AuCu type 1, phas¢ for x known as the “Slater’s Transition Staté>The numbers of
=0.5, and AuCy type (L1, phase for x=0.75. CoK- and inequivalentk points in the irreducible wedge of the primi-
Pt L,sedge x-ray-absorption near-edge spectroscopyive reciprocal unit cell for the self-consistent-field calcula-
(XANES) spectra were obtained at the 3C1 EXAFS beantions are 392 for-Co, 528 for CoPt, 405 for Pt, and 288 for
line in the Pohang Accelerator Laboratory. Co;Pt and CoRt These large numbers &f points are nec-
For XPS, 2 and 4f core-level spectra of the alloys were essary to ensure the convergence of the Kohn-Sham eigen-
taken in PHI 5700 ESCA system. Each sample was cleaneehlues for accurate core-level calculations. For the calcula-
in situ by Ar* ion bombardment to remove contaminatedtions of the DOS an improved linear-energy-tetrahedron
surface layers. The sputtering was done with the 3 ke Ar method® with a finer mesh of irreducible wedge was em-
ion beam(current~1 uA) in a pressure of ¥10 ’ Torr.  ployed.
After the Ar-ion sputtering of the sample surface, the com-
position of the surface layers might be different from that of IV. RESULTS AND DISCUSSION

the bulk. However, since this alloy does not belong to the )
surface-segregation systéfrthe error due to segregation, if _ Figure 1 shows the CK-edge absorption spectra for pure

any, would be very small. We thus used the bulk values foC® @nd Co-Pt alloys. These spectra were background sub-

the alloy concentrations. The other experimental details arfacted by fitting the preedge background using the least-
given in Ref. 10. square method. The spectra were then normalized with the

multiplication by a factor which makes the continuum step
equal to unity at the higher energy region.

Ill. ELECTRONIC STRUCTURE CALCULATIONS When the Pt content increases, peaks denotelaasl b
in Fig. 1 exhibit a change in strength. The variation of the

The electronic band structures of &4 _, (x=0, 0.25, peak strengths can be discussed in terms of the charge redis-

0.5, 0.75, and 1 alloys were calculated using a FPLAPW
method? within the generalized-gradient approximation . . T .
(GGA). All the calculations were spin-polarized ones with
the spin-orbit interactions included in the self-consistent it-
erations. For the case of pure Pt we also performed the spin-
polarized calculations to ensure the consistency with other
alloys and pure Co. For the exchange-correlation effects we
used a GGA version of Perdew, Burke, and Ernzetf&@l-
lowing bands are treated as valence: @n 3d, 4s, and 4o,

and Pt %, 5d, 6s, and . The atomic core density and,
hence, the core levels were calculated fully relativistically at
each iteration. We used the experimental lattice constants.
The muffin-tin (MT) radii of the atomic spheres are deter-
mined in such a way that all the spheres are almost in contact
for the pure Co and Pt metals and equiatomic CoPt alloy. The
MT sphere of Co(Pt) atoms are also almost in contact for
CozPt (CoP%) alloy. In the case of equiatomic CoPt alloy
(L1, phase they are naturally determined to satisfy the re-
lationship, RE /RS =1.0275, whereRY; is the MT radius

of atomX (X=Co or P}. We used this ratio for the determi-
nation of Ry> and Rij; for CosPt and CoRy, respectively.
The parameters used in the calculations are summarized in FIG. 1. CoK absorption edges of GBt;_, alloys (solid line9
Table I. To calculate the Ptf4and Co 2 core-level shift and pure Cddashed lines

Absorption (arb. units)

Co K-edges

1 1 1 1
7630 7700 7720 7740 7760 7780
Energy (eV)
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tribution between Co and Pt atoms in alloy. The evolution of
the threshold pea#t upon alloying mainly reflects the change
of the 3 character of unoccupied statés-’'Therefore, we
could obtain some information for the change of Cd 3
states from the peakof Co K-edge spectrum indirectly even
though it would be more evident if the change of Cd 3
states in alloy was estimated from the Cg3 absorption-
edge spectra, which reflect the direqi-2 3d dipole transi-

FIG. 3. X-ray-absorption spectra for By-edge of pure Pt and
Co-Pt alloys.

case of the Cd&-edge spectra. In pure Pt, thg-edge white

line (WL) is absent as in the; edge of pure Ag! Since the

Pt L,-edge spectrum is governed mainly by the,2
—5dj;, transitions and no R;,—5ds), transitions are al-
tion. In addition, the evolution of the main pebkeflects the lowed based on the selection rules, the absence of WL indi-
change of the g character of the unoccupied stat8These cates that there is nodg,, hole in pure P#? Upon alloying,
peaks are sensitive to an alteration in the DOS uporthe strength of the At, WL feature is built up with respect
alloying!® The variation of the peak aredsA is presented to pure Pt, as shown more clearly in the inset of Fig. 3.

in Fig. 2 as a function of the Co concentration. Thel's On the other hand, the Rt;-edge absorption spectra in
were calculated by integrating the difference spectra in arfrig. 4 are quite different from those of the Pt edge. In Fig.
appropriate energy rangeross-hatched areas of Fig. The 4, the zero of energy is assigned to the WL maximum point
difference spectrum is the difference between the spectrumf each spectrum because the WL maximum corresponds to
of the respective alloy and that of elemental Co. Thereforethe Fermi leveEg of pure Pt, where the unoccupied final 5

A A could be either positive, when the absorption is stronger

in alloy than in elemental Co, or negative, if the situation is - - - - -
reversed.

As shown in Figs. 1 and 2A A of the main pealb in-
creases as the Pt concentration increases. This means that the
number of occupied states of the Cp électrons decreases
upon alloying. On the other hand, A of peaka is reduced
(becomes more negativas the Pt concentration increases,
implying that the Co 8 states are filled upon alloying. This
interpretation will be further discussed in conjunction with
the results of the FPLAPW calculations. The absorption
cross section in th&-edge spectra of transition metals are
strongly influenced by th@-d hybridization due to the un-
occupiedd bands; in the system with a weakd hybridiza-
tion, the p-like DOS is strongly reduced and the-edge
threshold is depresséllTherefore we ascribe the reduction
of the Co 4 states and the depression of pemko the
weakenedp-d hybridization at the Co sites upon alloying.

Figures 3 and 4 show the Bt- andLz-edge absorption
spectra, respectively, obtained for pure Pt and Co-Pt alloys. FIG. 4. X-ray-absorption spectra for Bt edge of pure Pt and
These spectra were also normalized in a similar way to th€o-Pt alloys.

Absorption (arb. units)

Pt L,-edges

-10 -5 0 5 10 15
Energy (eV)

-15
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25 Co-Pt hybridizedd states increases. This result agrees well
with our calculated results below, as well as those of Kootte
. et al® In Ref. 8, it was concluded that there is a very strong

2.0
. hybridization between the Cod3and Pt &l orbitals by ana-
15 . lyzing the results of theab initio spin-polarized band-
] structure calculations.
1.0 i To understand better the change ih &ate at the Pt sites,
S AA of WL, defined in the same way as for the Beedge
i 0.5 J absorption spectra, is shown in Fig. 5 as a function of the Co
concentration. It is very interesting that4's of the PtL,-
0.0 and Ls-edge WL have opposite signs. For the Pg and
L;-edge WL of Pd-Ag alloys the signs are identi¢alln
05 | | spite of the opposite signs, the absolute magnitudes decrease
as the Pt concentration increases, and that of the, FYL is
1.0 \ . . \ relatively larger. This may indicate that the number of Bt 5

0 20 40 60 80 100 empty states increases as the Co concentration increases,
and, considering the opposite signs, we can conclude that the
5ds, states are depleted and thdsp states are filled at the
FIG. 5. AA of the PtL, redges WL as a function of the Co Pt sites upon alloying.
concentration. From the above experimental results, we can find a charge
redistribution in Co-Pt alloys; the occupied Cp HOS de-
states have a narrow bandwidthAs shown in Fig. 4, the creases and the occupied Rt &nd Co 31 DOS increases as
strength of the PL;-edge WL feature is reduced drastically the Pt concentration increases. However, one should be very
compared to that of pure Pt as the Co concentration ineautious in interpreting the charge redistribution correctly. As
creases. Although thé&; near-edge spectrum probes the shown in Figs. 2 and 5, the sign 4fA for the Co 4 (3d)
2p3— 5d3p, 52 dipole transitions, the Rt; near-edge spec- electron is positivgnegative, and that of the sum ok A’s
trum includes only the unoccupieti, charactef> owing to  for the PtL,- and L;-edge WL is positive. It implies that,
the absence of the Rt,-edge WL, that is, the nonexistence upon alloying, Pt loses a fraction of itsd5electrons with
of the 5d5, holes in pure Pt. Therefore, the reduction of therespect to elemental Pt, while Co gaind 8lectrons with a
Pt L;-edge WL strength indicates that the unoccupilsg  concomitant decrease pelectrons with respect to elemental
DOS projected onto the Pt atomic sphere is diminished as th€o. Nevertheless, without the results of electronic structure
Co concentration increases upon alloying. In addition, sincealculations, we are not able to know about the net charge
the strength reduction means that the hybridization ofdhe transfer between Co and Pt sites upon alloying in detail.
states becomes stronger, the decreasingiPWL area in  Therefore, we performed the electronic structure calculations
Co-Pt alloys reflects the fact that the Pt-sphere-projectedsing a FPLAPW method as aforementioned and presented

Co concentration (%)

TABLE Il. Angular-momentum decomposed electron numbers in each atomic sphere of Co-Pt alloys.
Qur is the total charge inside the MT spheres. The interstitial charge “INT” is the difference between the
total charge, obtained by the “AIM” method described in the text, g . A Qo7 is the amount of total
charge transfer. N/A stands for not applicable.

Atom a-Co CaoPt CoPt CoPRt Pt
Co 3d 7.2279 7.2768 7.3323 7.3612 N/A
4s 0.4694 0.4714 0.4723 0.4543 N/A
4p 0.4747 0.5009 0.5225 0.5120 N/A
4f 0.0353 0.0448 0.0548 0.0578 N/A
INT 0.7805 0.4851 0.2584 0.1163 N/A
Qmr 8.2194 8.3113 8.4017 8.4068 N/A
AQqot 0.0000 —0.1991 —0.3383 —0.4685 N/A
Pt 5d N/A 7.4947 7.6176 7.6901 7.7918
6s N/A 0.5779 0.5839 0.5755 0.5715
6p N/A 0.4362 0.4747 0.4917 0.5124
5f N/A 0.0523 0.0648 0.0766 0.0897
INT N/A 1.9999 1.5797 1.3176 1.0052
Qumr N/A 8.5753 8.7614 8.8587 8.9948
AQqor N/A 0.5972 0.3383 0.1562 0.0000
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at ~1.2 eV aboveE; in pure Co towardEg, indicating an

12 s o lifetime of 0.3 eV. In the 0.7—2.0 eV energy range ab&ye
08l g :: which corresponds to the peakin Fig. 1, the Cod-DOS

oo™ B e decreases as the Pt concentration increases. This decrease is
0.4 /\\\i 04 due to the movement of the minority-spin @dands located

AN (E) (states/eV)

00 increase of the Cd-electron occupation upon alloying with
04} Pt. In this region the unoccupied @ADOS also decreases as
the Pt concentration increase®e the inset of Fig.)6while
-0.8) R it increases in the 11-16 eV energy range, corresponding to
00 05 1.0 15 20 25 30 the peakb in Fig. 1. Since it is hardly believable that the

E'EF (eV) wave functions of the Cal electron change significantly
upon alloying, the transition-matrix-element effects are not

FIG. 6. Differences in Cal DOS between Cp Pt alloys and  yery jmportant at least for the change in the XAS spectra
pure Co.AN4(E)=Ng™"%(E)~NG*(E). Inset shows the differ- ypon alloying. Therefore, we can safely conclude that the
ences in Cq DOS. change in the XAS spectra upon alloying is predominantly

determined by the change in DOS.
various information obtained from the calculations in Table Generally, it is well known that the changes in valence
Il. state are dominantly determined by the hybridization be-

Table Il summarizes the angular-momentum-decomposetiveen neighboring atoms upon alloying, leading to GES.
electron numbers in each atomic sphere. The difference béccording to Ref. 26, CLS occurs as a resultEf shift,
tweenQyr and the sum o8, p, d, andf components is the atomic volume change, squeezing of valence electrons, core
electron number with the angular momentum higher than < valence repulsion, screening effects, and so on. For the
=3. The topology of the electron density was analyzed acsimplicity, we can categorize all these effects into the initial-
cording to Bader’s “atom-in-moleculéAIM)” theory®® to  and final-state effects. The initial-state effects can be mostly
get the “total” charge. Although there is no consensus for thedetermined by the interatomic charge transfer and the intra-
method to calculate the total charge belongs to a particulartomic charge redistributions. The intra-atomic charge redis-
atom in an alloy, the AIM theory can be considered to be dribution is sometimes called as the configuration change.The
reasonable choice for defining the real total charge that be?t 4f and Co P CLS’s measured by XPS are given as
longs to the respective atom. A Bgyp rows in Table I11.

It is noticed that the theoretical results confirm the inter- As shown in Table Ill, the Pt #;, and Co 2, XPS core
pretations of the experimental results by XANES, i.e., bothlevels shift toward the higher and lower binding energy in
the Co 3 and Pt 5l states are filled as the Co concentrationalloys, respectively. These observed CLS are opposite to the
decreases. The number op Zlectrons inside the Co MT prediction of the general rufé.If an atom loses a part of its
sphere, however, increases as the Co concentration delectronic charge, the core levels in general deepen, i.e., the
creases. Although this tendency of the calculational resultbinding energy increases. Since the positive nuclear charge
seems to be opposite to the experimental results, one can séees not change, while the valence electronic charge de-
that the Co 4 states are also in accordance with the expericreases, the remnant electrons feel stronger attraction, result-
mental results, if the charges in the interstitial region areng in increased binding energies of core levels. Since Pt is
properly taken into account. Since theslectrons are fairly more electronegative than G@.2 for Pt and 1.8 for Co in
well localized, the charges in the interstitial region must bePauling’s valué’), one would expect that the Pt core levels
mostly s andp characters. Assuming that the ratios¢lec-  shift toward the lower energy, resulting if B,y for Pt
trons top electrons in the interstitial region is the same asnegative. For the Co atoms the argument is reversed. Al-
that in the MT sphere, the number op £lectrons belonging though the measuref B,,s for Pt and Co are positive and
to the Co atom decreases as the Co concentration decreasesgative in alloys, respectively, the sign of the respective
confirming the experimental results. This electron redistribuvalues of A B, seem to be opposite to the tendency ex-
tion in the alloy leads to a net charge transfer from the Co tgected by the general rule. One should note that, however,
Pt sites(see rows designated &s;o7 in Table Il). The cal- these arguments can only be applied to the initial-state ef-
culated net charge transfers to the Pt site in Co-Pt alloy$ects to CLS.
satisfies the electronegativity requirement, and are quite It is notorious that the local-density-approximation calcu-
similar to the results of Ref. 8. lations of core-level binding energy does not properly repro-

Both the DOS effects and the transition-matrix-elementduce the experimental results, such as XPS. The final-state
effects should be taken into account in the interpretation oéffects, or relaxation effects, should be considered in analyz-
the XAS spectra. Since we have considered only the DO$1g CLS. However, we can treat the difference between the
effects in our interpretation of the XAS data, one may susKohn-Sham eigenvalues of elemental metal and alloy as the
pect our interpretation. In order to wipe out this skepticismiinitial-state effect to CLS$® These results are summarized in
we have analyzed the angular momentum and site deconfable lll asAB;. AB; is defined as
posed DOS. Figure 6 shows the differences in the unoccu-
pied Cod DOS between Cp ,Pt, alloys and pure Co. We allo allo ure ur
applied the Gaussian broadening to the DOS curves with the AB=(EE™—Ege) — (ER"™Egyo), Y
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TABLE lll. Core-level binding energy shifts/{ B, [eV]) for Pt 4f;, and Co 2y, obtained from the
XPS measurements and the calculations. The subscripts “expt,” “i,” antstand for experimental value,
initial-state effect, and final-state or relaxation effect, respectively, a4, is the fractional number of
electronic charge promoted to the valence from the respective core level to represent the partial core-hole
effects(see text All the values are determined relative to the corresponding elemental metal.

Atom a-Co CagPt CoPt CoRt Pt
Co A Beypt —0.08 —-0.19 —-0.19 N/A
AB; 0.10 0.09 0.05 N/A
AB, —0.18 —0.28 —-0.24 N/A
AQp 0.518 0.520 0.518 0.521 N/A
Pt A Beypt N/A 0.30 0.25 0.10
AB; N/A 0.23 0.21 0.20
AB, N/A 0.07 0.04 —0.10
AQ, N/A 0.535 0.540 0.555 0.585

whereE,,. is the Kohn-Sham eigenvalue of the core level.precise reproduction of the experimental core-level binding
The difference/ Bey,— A B; is the final-state effects to CLS energy. We treat the fractional number of core-level electrons
(denoted as\ B3, in Table IlI). as the fitting parameter to exactly reproduce the core-level
As was pointed out in Ref. 29, the valence contributionbinding energy measured by XP& Q, is the difference
(initial-state effectsto the CLS is mainly governed by the between the number of electrons for fully occupied core
change ind-electron occupancy, rather than the total numbetevel and that of partially filled core level. For the Co site
of electrons or simplyg p-electron number, in various alloys. A Q, is not sensitive to the Pt concentration. It is consistent
It was further confirmed by several other repdftslhe d  with fact that CLS is dominated by the final-state effects for
electrons are more localized than thend p electrons, re- the Co site. For the case of the Pt site the arguments are
sulting in larger effects on the core electrons, and the valenceeversed.
< core repulsion is larger, owing to the larger angular mo-
mentum than thes and p electrons. This is the case in our
samples. With the results of the FPLAPW calculatigsse

Table 1)), we can explain the Ptf4and Co 2 CLS in Co-Pt We performed XANES and XPS experiments of Co-Pt
alloys. As can be seen in Table IIl for the Co site; is  galloys to understand their electronic structures. It was found
positive even though the Cod3occupation number is in- that, in Co-Pt alloys, there was a substantial increase in the
creasing upon alloying. The magnitudes/oB; is very small  area of the PL, (unoccupiedis, state3 WL and a decrease
compare to those ofAB,. Since the Co P level is quite  in that of the CoK-edge thresholdpeaka in Fig. 1) with
deep and more localized than Cd Bvel, the wave-function respect to pure Pt and Co, respectively. From these results,
overlap is small and hence change in @b&cupation num- e suggest that the hybridization between the @caBd Pt
ber has little effect om\3;. Moreover, the variation of Co 5d orbitals is enhanced upon alloying, resulting in a loss in
3d occupation number upon alloying is smél14 electrons  ptd electrons and a gain in Gbelectrons with respect to the
between pure Co and Cafpt Therefore, it can be concluded respective elemental metals. The observed shifts of the core-
that for the Co site the variation in total number of electronslevel binding energies by XPS agree well with the XANES
is more important than that of the Cal ®ccupation number results, although they seem to be inconsistent with the gen-
in determination of the sign and magnitude/®3,. On the  eral rule of electronegativity. Using the results of the
other hand, for the Pt site the magnitude &3, is much  FPLAPW calculations, we have estimated the direction of
larger than that ofA5;. Both experimental and theoretical charge transfer in Co-Pt alloys. The calculations show that
results indicate a reduced numberdoélectrons at the Pt site there is a decrease jmlike conduction electrons and an in-
upon alloying, resulting in positivé 53; in Pt atom. Since the crease ird electrons at the Co site upon alloying, which is in
amount of the lost & electrons at the Pt site increases as theaccordance with the experiments. In addition, the calcula-
Co concentration increases, the magnitude of thefPA%; tions reveal that this electron redistribution in the alloy leads
increases. The Ptfdlevel is not too deep and the wave- to a net charge transfer from the Co to Pt site consistently
function overlap between the Pf &nd & levels is signifi-  with the electronegativity rules. The Pf 4nd Co 2 CLS’s
cant, Hence, the variation in the Pt %Sccupation number in Co-Pt alloys, which are seemingly in disagreement with
produces more pronounced effects in determinatiod\@  the electronegativity predictions, can be explained by dis-
than that of total number of electrons. criminating the initial- and final-state effects with the aid of
AB, is closely related ta\ Q,,, whereA Q, is the charge  FLAPW calculations. For CLS’s of Co-Pt alloys the initial-
promoted to the valence band from the respective core levestate effects contribute dominantly to the Ht @LS, while
An introduction of partial core hole to the core level enablesthe final-state or relaxation effects play a more important role
the Kohn-Sham eigenvalue of the respective core level to béor Co 2p CLS.

V. CONCLUSIONS
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